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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an end mill improved in the stability of a cutting edge 
by precisely processing the cutting edge of the end mill. 

SOLUTION: In an end mill having a curved cutting edge with the substrate covered with hard 
coating, the curved face-like cutting edge is formed so that a ridge line along which a rake face 
and a flank of the cutting edge intersect, is formed such that hard grains included in the 
substrate form a curved face. As a method of forming the curved face-like cutting edge, a 
grinding medium is fluidized by magnetism. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The end mill which is characterized by the R section having the shape of the shape of a 
mirror plane, and crepe at least while beveling a part for the end cutting part to which a rake face 
and a flank cross in the end mill which has a spiral end cutting edge on the cylinder side 
centering on a revolving shaft, or a conical surface the shape of combination and/or a curved 
surface of the letter of confrontation, and R and which carried out edge-of-a-blade processing. 
[Claim 2] The end mill which the cutting part and base of said end mill are the end mills formed 
by cemented carbide in the end mill according to claim 1 which carried out edge-of-a-blade 
processing, sets the amount of beveling of 0.003-0. 03mm and the direction of a flank to 
0.002-0. 02mm for the amount of beveling of said direction of a rake face, and is characterized by 
the ratios of the amount of beveling being a rake face / flank =1/2-6/1 and which carried out 
edge-of-a-blade processing. 

[Claim 3] In the end mill according to claim 1 to 2 which carried out edge-of-a-blade processing, 
while coming to cover to said end mill said enveloping layer — the [ periodic table ] — 4a group 
transition metals or the carbide of aluminum, and a nitride — An oxide, hard boron nitride, The 
end mill which is characterized by 0.2-20micro thickness covering lubricative film chosen from 
from among the groups which become a hard carbon pan from these solid solvation objects or 
mixtures, such as one sort or two sorts or more of hard and/or MoS, by the multilayer 

more than one layer or two-layer and which carried out edge-of-a-blade processing. 
[Claim 4] While beveling a part for the end cutting part to which a rake face and a flank cross in 
the end mill which has a spiral end cutting edge on the cylinder side centering on a revolving 
shaft, or a conical surface the combination of the letter of confrontation, and R, and/or in the 
shape of a crepe-like curved surface It is the end mill edge-of-a-blade art which the R section 
has the shape of the shape of a mirror plane, and crepe at least, and is characterized by for the 
shape of said shape of a mirror plane and crepe making the medium to grind flow, and performing 
it and which carried out edge-of-a-blade processing. 

[Claim 5] The end mill edge-of-a-blade art which is characterized by making a flow of said 
medium flow with the MAG in the end mill edge-of-a-blade art according to claim 4 which carried 
out edge-of-a-blade processing and which carried out edge-of-a-blade processing. 
[Claim 6] The end mill edge-of-a-blade art which is characterized by making a flow of said 
medium flow through a liquid in the end mill edge-of-a-blade art according to claim 4 which 
carried out edge-of-a-blade processing and which carried out edge-of-a-blade processing. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The invention in this application relates to edge-of-a-blade processing of 

curve-like cutting edges, such as a drill and an end mill. 

[0002] 

[Description of the Prior Art] In the drill and end mill which consist of cemented carbide or a 
TiCN radical cermet, with these brittle materials, especially the cutting-edge configuration at the 
tip of a tool is very important, and various proposals are made. For example, edge-of-a-blade 
processing of the edge of a blade is carried out with the brush etc. at the shape of a curved 
surface. (JP>4-40122,B as an example) . Moreover, recently, the polish approach which used the 
MAG as application of trimming is examined, and it is used for polish of trimming and metal mold. 
(Example: The present condition and the technical problem of a machine, the tool September, 
1996 issue, and the magnetic grinding method) 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the drill or the end mill, a 
peripheral cutting edge gives angle of torsion, and is raising the effectiveness of scraps 
processing or distribution of cutting force. According to the application, in a carbide drill, the 
thing of ten - about 60 angle of torsion is used before and after 30 angle of torsion, and is used 
for practical use with the end mill. Although end cutting-edge processing of these torsion 
******** is performed by brush honing indicated on the conventional technique, in mechanical 
grinding, it is in the condition of that of the hard particle itself which constitutes a base if 
expansion observation is carried out having come floating to about 10000 times, and producing 
****** etc. soon or having removed the joint phase part. Therefore, although it can consider as 
the condition of a better field if it carries out by approach which will carry out a lap, for example 
if it is weak and grinding is performed more slowly, carrying out the lap of the distorted 
peripheral cutting edge as mentioned above has a limitation industrially. 
[0004] 

[Means for Solving the Problem] Therefore, it turned out that it has the description which can 
perform grinding by the very minute force by choosing the medium to be used by the approach of 
grinding with the MAG repeatedly without limits in a short time, and can be ground to 
homogeneity also in the cutting edge of the shape of a curved surface like a peripheral cutting 
edge as a result of examining how to perform efficiently, while lowering this force by the grinding 
at the time of performing end cutting-edge processing. Therefore, while beveling a part for the 
end cutting part to which a rake face and a flank cross in the end mill which has a spiral end 
cutting edge on the cylinder side centering on a revolving shaft, or a conical surface the shape of 
combination and/or a curved surface of the letter of confrontation, and R The R section is the 
end mill which has the shape of a mirror plane and/or shape of crepe at least, the amount of 
beveling is set to 0.003-0. 03mm in the direction of a rake face, and is set to 0.002-0. 02mm in 
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the direction of a flank, and the ratios of the amount of beveling are a rake face / flank =1 / 2 - 
6/1. furthermore — as a coat — the [ periodic table ] — 0.2-20micro thickness covers 
lubricative film chosen from from among the groups which become 4a group transition metals or 
the carbide of aluminum, a nitride, an oxide, hard boron nitride, and a hard carbon pan from 
these solid solvation objects or mixtures, such as one sort or two sorts or more of hard ****, 
and/or MoS, by the multilayer more than one layer or two-layer. Moreover, ****** which makes 
homogeneity to the end cutting edge which has the description to perform the approach of 
grinding as the edge-of-a-blade art, making a polish medium flow, and has a 

three-dimension-configuration by grinding moving a polish medium through a flow, i.e., the MAG, 

and a liquid. 

[0005] 

[Function] the lap which performs the field which is acquired by the polish which makes a medium 
flow according to research of this invention persons using a lap surface plate, the mirror plane 
where it is equal, and/ — being able to acquire the shape of crepe again and adjusting the quality 
of a medium, an amount, magnitude, etc. — extent — things — various fields can be acquired. 
First, in order to make a medium flow, even when it has a long peripheral cutting edge like a drill, 
there is the description which cuts from a tip side to homogeneity mostly at a shank side, and can 
perform cutting-edge processing. Next, the effectiveness of polish can be adjusted by combining 
for example, a magnetic medium and a nonmagnetic medium by choosing the class of medium. In a 
superhard ** cermet, since it cannot grind unless it uses a diamond, it can carry out by 
combining with the powder of an iron system as a magnetic medium. 

[0006] furthermore — a cutting-edge ridgeline — the case of a hard particle and cemented 
carbide — the case of particles, such as WC particle and C (WTiTa), and a TiCN radical cermet 
— a TiCN particle etc. — a joint metal — it is mainly combined with Co and nickel and exists. 
The ridgeline where a rake face and a flank cross changes like the sharp wedge, and is ground and 
processed by a diamond wheel etc. from a rake face and flank side. Since the crossing part is 
influenced from both sides, irregularity can see many the ridgeline. The configuration and amount 
of edge-of-a-blade processing can be cut by removing **** to the effect of these polishes, and 
can pull out the effectiveness of cutting-edge strengthening. Therefore, the amount of beveling of 
the direction of a rake face does not have the effectiveness of edge-of-a-blade processing in 
0.003mm or less, it is easy to carry out a chipping, and at least 0.15mm or more, although it is 
effective in part in the end mill of a major diameter, since it becomes easy to generate chatter 
and a poor finished surface, if solid, generally it sets the amount of beveling of the direction of a 
rake face to 0.01-0. 15mm by 0.003-0. 06mm and low attachment with a big path by the increase 
of cutting force. Furthermore, although the end mill of the solid made from cemented carbide or a 
form with a low is the most effective as an object which applies this invention the end mill made 
from high-speed steel — also setting — a cutting edge — by carrying out edge-of-a-blade 
processing with the abrasive grain of No. 1000-3000 after a grinding process After that this 
invention which covers the wear-resistant hard matter by removing the low degree-of-hardness 
section by the grinding heat of weld flash or a cutting edge The outstanding cutting-ability ability 
is shown as compared with the end mill which did not perform the conventional edge-of-a-blade 
processing, therefore carried out covering processing with the condition with detailed weld flash, 
a chip, grinding marks, the low degree-of-hardness section, etc. harmful to a cutting edge. As 
mentioned above, it is what this invention carried out suitable edge-of-a-blade processing, and 
carried out covering processing of the hard matter what removed the harmful condition of a 
cutting edge and strengthened the cutting edge, and the life increase effectiveness in steel 
cutting is size especially. 

[0007] In accordance with an example, it explains in full detail below per limited range of a claim. 
Well-known covering, such as aluminum 203, Si3N4, TiC and TiN, TiCN(charcoal titanium 
nitride) Cr carbide, CBN, and a diamond, can apply to this invention as hard matter for covering 
as purposes, such as prevention of the rake face crater damage produced in order that cutting 
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edges, such as prevention and a ball end mill, may be nonlinear and may tend to concentrate 
generation of wear-resistant improvement or the built up edge at the time of low-speed cutting. 
The enveloping layer structure at this time what covered one sort chosen from the group of said 
hard matter For example, although the thing of the two-layer structure which covered TiN as the 
1st layer and covered aluminum 203 etc. as the 2nd layer, and the three-tiered structure which 
prepared both solid-solution layer in the middle of the 1st layer and the 2nd layer further, and 
raised both adhesion further etc. is effective as this invention The thickness of an enveloping 
layer has little effectiveness as a whole at 0.2micro or less, and an enveloping layer tends to 
exfoliate in 20micro or more. The covering thickness in the end mill of the minor diameter which 
makes especially minute infeed a subject has 0.3-desirable 2micro. Based on an example, this 
invention is explained at a detail below. 
[0008] 

[Example] It mixed among alcohol by attritor for 6 hours using WC powder with a commercial 
mean particle diameter of about 0.5 microns and Co powder of said 1 Miquelon, and the end mill 
made from cemented carbide of 25 angle of torsion was manufactured using the superfines 
cemented carbide. Observation of the distorted edge of a blade of this end mill is shown in 
drawing 1 . With especially an end cutting edge like this drawing 1 , at the tip of the end mill with 
which a mechanical shock is added at the time of cutting, a chipping may be produced, or when 
excessive, it may be missing. 

[0009] Next, when this end mill was made to flow using the MAG, and it was made to flow 
through a liquid, it carried out variously using the edge-of-a-blade processing with the brush 
indicated on the conventional technique as mechanical polish for the comparison. Observation of 
the edge of a blade after magnetic polish is shown in drawing 2 . Drawing 2 is what observed the 
edge-of-a-blade ridgeline by FE-SEM at 10000 times, and is ground by extent which can 
observe the particles (WC particle etc.) which constitute a base by magnetic polish. 
Furthermore, the particle ground like the lap is looked at by the ridgeline section in spite of the 
sharp part. Drawing 3 shows the edge-of-a-blade condition at the time of making it flow through 
a liquid, and changes with the condition of having been ground in the shape of crepe. To it, by 
the edge-of-a-blade processing with the brush performed for the comparison, as shown in 
drawing 4 , much irregularity by polish remains, and grinding marks are observed. 
[0010] Next, the example of these this inventions, the example of a comparison, and five entire 
non-processed elegance were covered, respectively, and the cutting trial was performed. In order 
that a cutting trial might look at the stability of the end cutting edge in early stages of use, it 
chose a high speed and the conditions of high delivery, carried out 5 exams respectively, and was 
judged by the result. Using **** SCM 440 (annealed material)-ed, cutting items are cutting 
speed 100 m/min and feed-rate 500 mm/min, and performed shoulder shaving processing with a 
shaft-orientations slitting depth [ of 8mm (1 time of the diameter of an end mill) ], and a direction 
slitting depth [ of a path ] of 4mm (0.5 times of the diameter of an end mill) by dry type. 
[0011] Consequently, the deficit accidentally produced in the example of this invention (the MAG 
and liquid) in the field in which the tip cutting edge in five and a peripheral cutting edge cross 
does not have **, and 2 chipping in five was produced in the example of a comparison, and the 
chipping was observed by five among five in non-processed elegance. 

[0012] Furthermore, as a result of continuing a trial using the end mill of the example of this 
invention, after 20m processing, both follow on the increment in abrasion loss. Although the 
peripheral cutting edge of an end mill and near an end cutting edge are still normal wear when a 
coat shows normal wear, continues processing further, processes it to 50m and observes the 
point of an end mill, although the base itself came to contact scraps by wear The intersection 
crotched portion of camber did not carry out plastic deformation, but was a continuable life. 
[0013] 

[Effect of the Invention] If the curved-surface cutting edge by this invention was formed, since 
the irregularity of the ridgeline used as an end cutting edge would decrease and the ridgeline of 
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the condition almost near a lap side would be obtained, it turned out that the stability at the time 
of cutting decreases troubles, such as increase, a chipping, and a chip. Furthermore, it cannot be 
overemphasized that the effectiveness is the same also not only in the cutting tool which has a 
straight-line-like cutting edge again but a common tool. 
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